In this study, two chemometric techniques, partial least-square regression (PLSR) and artificial neural network (ANN) were developed and compared for the simultaneous assay of paracetamol (PCT) and caffeine (CAF) in pharmaceutical formulations by using spectrophotometric data. Six different concentrations of paracetamol and caffeine were considered to make mixture solutions of standard samples by using orthogonal experimental design (OED). UV spectra of these mixtures were recorded in the wavelength range of 205-300 nm versus a solvent blank and digitized absorbance was sampled at 1 nm intervals. Drug concentrations and instrumental spectra of 36 mixture solutions were used for model development and validation and finally 6 commercially available tablets were used to test the developed models. ANN shows better prediction efficiencies than that of PLSR with R 2 value 99.28% for prediction and 99.13% for validation set. These two models were successfully applied to commercial pharmaceutical formulations, and it is found by ANN that the drugs contain 75 to 86% of paracetamol and 77 to 92% of caffeine of their label claim. Either of the proposed methods is simple and rapid and can be easily used in the quality assessment of drugs as an alternative analytical method.
Introduction
In Bangladesh, pharmaceutical sector is one of the most developed hi-tech sectors which are contributing to the country's economy. According to a report of the international management system (IMS) published in June 2015, the size of the pharmaceutical market of Bangladesh is estimated to be approximate 117 billion taka, with an annual growth rate of about 11.37 %. At present 97% of Bangladesh's need is produced locally. Bangladesh pharmaceutical industry export active pharmaceutical ingredients (APIs) and a wide range of pharmaceutical products covering all major therapeutic classes and dosage forms to 79 countries (Sultana, 2016) . Now quality of the products becomes a great concern for manufacturers as well as consumers. Therefore, quality assessing techniques of these pharmaceutical products is one of the thirsty areas for research.
In the pharmaceutical formulations the combination of paracetamol (PCT) and caffeine (CAF) is widely given to patients as painkiller and antipyretic agent. Paracetamol, also known as acetaminophen, is a popularly used pain medication and medication to reduce fever over the country (Aghababian, 2010; Ahmad, 2010) .
Chemically, paracetamol is 4-hydroxy acetanilide (Fig. 1) . Paracetamol does not share the gastric side effects of other non-steroidal anti-inflammatory drugs (NSAIDs) as it has minor effect on cyclooxygenase in peripheral tissues. In addition, paracetamol affects blood platelets function and thereby increases blood clotting time (Rang et al., 2007) .
Caffeine is a central nervous system (CNS) stimulant of the methylxanthine class (Nehlig et al., 1992) . It is the world's most widely consumed psychoactive drug, but unlike many other psychoactive substances it is legal and unregulated in nearly all parts of the world.
In order to achieve better curative effect and lower toxicity, it is very important to control the content of paracetamol and caffeine in pharmaceutical tablets. The quality control of dosage form preparations of drug requires reliable and quick analytical methods. Spectrophotometry as a simple, robust, quick and low cost method may be a good alternative if it is combined with multivariate calibration methods for determination of a complex mixture in pharmaceutical quality control (Dinc, 1999) .
During the last decade, several research work have been conducted for quantification of ingredients in drugs (Safavi and Tohidi, 2007; Tavallali and Sheikhaei, 2009; Tavallali et al., 2011) mostly based on chromatographic techniques (Bebawy and El-Kousy, 1999; Prodan et al., 2003; Tsvetkova et al., 2012; Issa et al., 2012; Bhosale et al., 2012; Chandra and Dutt, 2013; Soponar et al., 2013; Redasani et al., 2013; Belal et al., 2014; Khalid et al., 2015) . A few initiatives with spectroscopic techniques have been reported in the literature (Rogers and Adams, 1999; Ortega-Barrales et al., 2002; Delvadiya et al., 2011; Hajian and Soltaninezhad, 2013) . In some studies, results of spectroscopic methods are compared with those of chromatographic techniques (Dinc, 1999) . Spectrophotometric determination of paracetamol and caffeine in pharmaceutical formulation using chemometric techniques has rarely been reported (Luna and Pinho, 2014; Santosh and Shreeyash, 2016) .
UV/Visible spectrophotometry is by far the instrumental technique of choice of industrial laboratories, owing mainly to simplicity, often demanding low cost equipment. Simultaneous quantitative analysis of pharmaceuticals containing multi-active compounds is difficult to perform by classical spectrophotometric method. In recent years, multivariate chemometric methods seem to be the techniques showing a best performance in terms of complex mixture solution (Israt et al., 2016; Karim et al., 2015) . In UV spectroscopic analysis, absorbance of light by certain drugs against wave length or wave number is the main consideration for spectral data. In each spectrum there are huge numbers of absorbance value for each wave point. Each wave point or data point is considered as spectroscopic variable. These variables are huge in number and are mutually correlated. In this situation we cannot use ordinary least square (OLS) method as problem of singularity will exist. So, we fit partial least squares regression (PLSR) and artificial neural network (ANN), and compare their prediction efficiencies in the study.
The objective of the study is to suggest a cost effective method for rapid quantification of paracetamol and caffeine in commercially available such drugs on the basis of chemometric techniques on UV-visible spectroscopic data as part of their quality assessment.
Materials and methods

Apparatus and software
Shimadzu UV-visible spectrometer (Model: UV-1800, Shimadzu, Kyoto, Japan), equipped with 1cm matched quartz cells was used for spectrometric measurements. The system software UV Probe 2.34 of the instrument was used for obtaining the spectra. In this research SPSS Statistics 22.0 has been used for experimental design and MATLAB 2014a for developing artificial neural network (ANN). The Unscrambler® X of its version 10.3 has been used for partial least-squares regression (PLSR).
Standard sample
Active pharmaceutical ingredients paracetamol and caffeine were kindly supplied by Acme Laboratories limited, Kallayanpur, and Dhaka, Bangladesh. All the materials used in spectrophotometric analysis were of analytical reagent grade.
Pharmaceutical tablet formulation
Six different commercial pharmaceutical formulations Ace ® Plus tablet produced by Square, Napa ® Extra tablet manufactured by Beximco Pharma, Fast Plus tablet produced by Acme, Pyrenol tablet produced by Delta Pharma Limited, Panadol Extra tablet formulated by GlaxoSmithKline, Reset Plus tablet produced by Incepta containing 500 mg paracetamol and 65 mg caffeine were purchased from local resources and analyzed by the proposed chemometric methods. Results are presented by hiding company and product names.
Fig. 1. Chemical structures of paracetamol and caffeine
Selection of a common solvent
After assessing the solubility of drugs in different solvents methanol has been selected as common solvent for preparing the solutions. Methanol was purchased from Sigma-Aldrich Chemie Gmbh (Munich, Germany).
Standard stock solution preparation
Stock solution of paracetamol and caffeine were prepared by taking about 10 mg of each working standards. The content transferred to two separate 100 mL volumetric flask and dissolved in methanol. The volume was then made up to the mark with methanol. The final solution had concentration of 100 µg/mL for each of the two drugs that were used to set up the calibration set. The above standard stock solutions of paracetamol and caffeine were used to obtain the linear range Table 1) . 36 solutions were prepared where correlation of concentrations of paracetamol and caffeine are zero.
In total, 42 (36+6) samples were used in the study. Drug concentration and instrumental spectra of 36 mixture solutions were used for model development and validation and finally six (6) commercially available tablets were used to test developed models.
Preparation of standard solutions for multivariate analysis
To develop the chemometric calibration, thirty six preparations (calibration set) of standard solutions containing mixture of paracetamol and caffeine were prepared. In this procedure, at first, appropriate volume of standard stock solutions of paracetamol and caffeine in the concentration ranges between 8.0-40.0 µg/mL for paracetamol and 5.0-36.0 µg/mL for caffeine were added in separate 10 ml flasks using micropipette (operating range: 60 µL-1000 µL). Then the solutions were diluted to 10 ml with methanol. After that a vortex mixer was used to mix the solutions of paracetamol and caffeine uniformly with the solvent for each of the thirty six preparations. All the solutions were prepared freshly, stored in room temperature and protected from light. UV spectra of these mixtures were recorded in the wavelength range of 205-300 nm versus a solvent blank and digitized absorbance was sampled at 1 nm intervals.
Chemometric methods
Analysis of multivariate data plays a key role in chemometrics. Multivariate analysis often starts out with data involving a substantial number of correlated variables. In majority of chemometric data matrix, number of variables is higher than number of cases. Both of the situations create problems in analyzing the data. In this situation ordinary least Square regression (OLSR) cannot be used. As alternative, two statistical techniques partial least square regression (PLSR) and artificial neural networks (ANN) were fitted with the spectroscopic data and compared their prediction efficiencies.
Partial least-square regression (PLSR)
Partial least squares regression (PLSR) is a popular method for soft modeling in research and industrial applications. PLS regression combines features from principal component analysis and multiple regressions. Its goal is to predict or analyze a set of dependent variables from a set of independent variables or predictors. This prediction is achieved by extracting from the predictors a set of orthogonal factors called 'latent variables' which have the best predictive power. By contrast, PLS regression finds components from independent variables that are also relevant for dependent variable . Specifically, PLS regression searches for a set of components (called latent vectors) that performs a simultaneous decomposition of and with the constraint that these components explain as much as possible of the covariance between and. It is followed by a regression step where the decomposition of is used to predict .   1  8  36  19  25  8  2  8  10  20  40  8  3  30  36  21  30  15  4  15  10  22  25  20  5  35  10  23  35  5  6  40  15  24  30  20  7  8  8  25  40  10  8  25  10  26  15  15  9  35  20  27  40  20  10  15  20  28  40  5  11  25  5  29  30  8  12  35  36  30  8  5  13  25  36  31  8  15  14  30  5  32  8  20  15  35  15  33  35  8  16  40  36  34  15  8  17  30  10  35  25  15  18 15 5 36 15 36 
Artificial neural network (ANN)
An ANN, often just called a neural network, is a mathematical model inspired by biological neural networks. Neural networks are used to model complex relationships between inputs and outputs or to find patterns in data. ANNs are powerful chemometric methods as they do not need any model problems of non-linear systems. ANN has been applied in almost every aspect of analytical chemistry over the past two decades, although most applications are in the development stage. ANNs are useful tools for drug safety and quality analyses, which include modeling for this predicting food safety, interpreting spectroscopic data, and predicting physical, chemical, functional and sensory properties of various food products during processing and distribution. ANNs hold a great deal of promise for modeling complex tasks in process control and simulation and in applications of machine perception including machine vision and electronic nose for drug safety and quality control. In practical, Levenberg-Marquardt back-propagation neural network has used in the present study. Number of hidden neurons is 10 and the sigmoid activation function is used in each step. Six fold cross-validation has been used in all cases to minimize the risk of overfitting the calibrations when evaluating calibration accuracy.
Results and discussion
Fig. 2 displays the UV absorption spectra of PCT and CAF together with their mixture. In the presence of the overlapping spectra of two compounds in the spectral range 205 -300 nm determination of the related compounds in samples is not possible by using classical spectrophotometric approaches. We have focused mainly on the quantitative resolution of the binary mixtures of PCT and CAF by using PLSR and ANN chemometric approaches without any separation step
From principal component analysis (PCA) it can be shown that first principal component (PC1) express 78% of the variation whereas PC2 express 21% of the total variation. Samples are independently scattered. Correlation loadings explained that some of the data are positively correlated and others are negatively correlated and there is no outlier in the samples considered in the study.
Explained variance plot (Fig. 3) predicts that highest explained variance is found with 2 PCs. First two principal components express 98.72% of total variations for calibration data and 98.46% for validation data.
From partial least-square regression (PLSR) it can be shown that the first factor (Factor-1) express 85% and 83% of the variation for PCT and 80% and 49% of the variation for CAF whereas the second factor (Factor-2) express 14% and 16% for PCT and 19% and 50% for CAF of the total variation. Explained variance plots for PCT and CAF predict that highest explained variance is found with 2 factors. These two factors express 99 % of total variations for calibration and validation of data.
In order to measure the performance of neural network several tools are used. In this study root mean squared error (RMSE) for prediction and coefficient of determination (R 2 ) for prediction Plotted points and model parameters in blue colour represent the results are from calibration set and those of red colour are from the cross-validation datasets (Fig. 3-5 ).
Two models PLSR and ANN have been developed for prediction of paracetamol and caffeine and their prediction efficiencies have been compared. In order to develop the models 75% samples have been used for calibration and 25% of them are for validating the models. Prediction efficiencies expressed in terms of root mean square error (RMSE) and coefficient of determination (R 2 ) are shown in the Table 2 . Results show that both of the models are very good at predicting concentration of paracetamol and caffeine in their calibration and validation stages.
For paracetamol, ANN shows better prediction efficiencies than that of PLSR with R 2 value 99.28% for prediction and 99.13% for validation set. Similar results can be noticed for caffeine by ANN.
Both ANN and PLSR show extraordinary performance for prediction of paracetamol and caffeine with calibration and validation datasets (R 2 ≈0.99). So, both of them could be recommended as calibration techniques for quantification of these essential components in pharmaceutical formulations.
In order to access the applicability of the proposed PLSR and ANN methods to the analysis of the real samples, they were applied to the determination of these drugs in pharmaceutical formulations. Six replicate measurements for each real sample were made. The percentage recoveries and relative standard deviations are indicated in the Table 3 . The good agreement between these results and the label claims indicate the successful applicability of the proposed procedures for the simultaneous determination of paracetamol and caffeine in real samples.
By ANN, it is found that about 86 percent paracetamol is available in the tablets of pharmaceutical company-A of their label claimed value and by PLSR this is 86.58 percent. For caffeine these percentages are 84.11 and 79.24 by ANN and In the study, two chemometric models were successfully developed for quantification of paracetamol and caffeine respectively in pharmaceutical formulation by PLSR and ANN with UV-spectroscopic data. We found them to be simple, precise, accurate, rapid and economical methods for their simultaneous determination. Both of these methods were successfully validated and found suitable for quality control of such drugs in available in the market. However, it is evident from the results of the study that ANN model is more accurate than PLSR model for the quantification of paracetamol and caffeine in pharmaceutical formulation.
Conclusion
It can be found that both ANN and PLSR are efficient for determination of paracetamol and caffeine in commercial drugs although ANN shows slightly better results than PLSR in this regard. High percentage of recovery shows that the methods are free from interference of the excipients used in the commercial formulation. Results also reveal that the developed methods can be applied for a routine analysis and quantitative control of mixtures and commercial preparations containing these two drugs. It is evident from the results that commercially available drugs whose main ingredients are paracetamol and caffeine do not contain as much as the manufacturing companies claim in their labels.
This proposed method could be used by pharmaceutical companies to ensure the quality of the product with minimum testing time and cost. Moreover, drug administration or who are working responsible for the quality of the product can use this method for the assessment of the quality of the drug. Finally, individual consumer can also get the tested result conscious from any laboratory which has UV-spectrophotometer and the proposed method. 
